Background: Borderline personality disorder (BPD) is a common and serious mental illness, associated with a high risk of suicide and self harm. Those with a diagnosis of BPD often display difficulties with social interaction and struggle to form and maintain interpersonal relationships. Here we investigated the ability of participants with BPD to make social inferences from faces.
Introduction
Borderline Personality Disorder (BPD) is a common and serious mental illness that affects about 1-2% of the general population, up to 25% of psychiatric inpatients, and 10% of outpatients [1, 2] . The exact causes of BPD are not known, but both genetic and environmental risk factors are believed to contribute to the aetiology of the disorder [1, 2] , with childhood trauma showing a particularly strong association with the later development of BPD [2, 3] . Individuals with a diagnosis of BPD often have difficulties in forming and maintaining interpersonal relationships, and such social impairments are a diagnostic feature of the disorder [4] . Difficulties in social interaction, as seen in BPD, can make maintaining a job or achieving sustained success in the workplace or in education challenging. Furthermore social difficulties experienced by individuals with BPD often show little or no improvement with time [5] . In the current study we sought to characterise social cognition in BPD using well-validated tests of social judgement from faces.
The term 'social cognition' refers to the way in which we gather information about the people around us, allowing us to make judgements and inferences about their characteristics, including personality and intentions [6] . Key to social cognition is the ability to judge how people may feel or think in a given situation [7] [8] [9] [10] . Effective social functioning requires the involvement of a network of brain areas in order to gather, retrieve and process relevant information in the correct way, and is fundamental not just in cultivating relationships with others, but for everyday functioning and social interaction of all kinds. A very important source of social information is the face, and consequently, one major means through which social brain function has been investigated in healthy volunteers and patient groups has been through the study of face perception [11] . Investigations of social perception from faces have implicated several brain areas as important in social cognition, including the medial frontal cortex, the amygdala, the insula, the cingulate cortex and precuneus, regions of superior temporal cortex and the fusiform gyrus [7, [12] [13] [14] [15] [16] .
Previous studies have investigated social cognition in BPD using a range of measures. Studies of facial expression recognition in BDP to date have recorded inconsistent findings -two studies reported impairments in recognising facial emotions [17, 18] , while another study found no significant deficit of facial emotion identification, but noted a tendency of individuals with BPD to rate ambiguous faces as negative or aversive [19] . Three studies further identified a more intense response of those with BPD to images of negative facial emotion compared to positive, a finding which was not evident in control participants [17, 18, 20] . Using interview-based methods Hill and colleagues demonstrated impairments in social function in BPD [21] . Preißler and colleagues also found evidence of social cognition deficits in BPD when asked to attribute mental states to characters in short films [22] . Two studies have investigated social cognition in BPD using the 'Reading the Mind in the Eyes' test (RMET), which involves participants inferring the mental state of individuals by viewing pictures of the eye region. Of the studies, one reported no difference between BPD and control participants [22] , although this group did question the ecological validity of the test, and the other reported enhanced sensitivity to social characteristics in BPD [23] . The apparent inconsistencies in the literature may be explained by inherent task differences, with conditions in the RMET less representative of a "real life" or familiar situation than in the other tasks described. Fertuck and colleagues also acknowledge that the RMET represents a very low stress task and does not allow for the detection of negativity bias [23] . Findings of altered social cognition in BPD are consistent with structural imaging studies of the disorder, which have found that brain areas involved in social cognition, including frontal and medial temporal lobe regions, differed from that of healthy participants [24] .
Because previous studies of social cognition in BPD have failed to identify consistent findings, we sought to introduce a more systematic approach involving a variety of social inferences commonly made to faces using a well established task [29] [30] [31] . Hence, in order to arrive at a more precise characterisation of areas of relative strength and weakness in social decision making in individuals with BPD, we chose characteristics that included those with a clear and relatively well-established physical basis (age, distinctiveness, attractiveness) and those with a more purely social function involving an inference about a psychological trait or disposition (intelligence, approachability, trustworthiness). Considering previous literature, we hypothesised that differences between groups would be evident in those judgements that required inferences about social characteristics and, in particular, that the BPD group would perform significantly poorer that controls in judgements related to the perception of threat (approachability and trustworthiness). We further investigated the association of social performance with clinical measures and measures of childhood trauma in the BPD group.
Measuring childhood trauma was of particular interest due to the strong association between childhood adversity and BPD [2, 3] . Furthermore, studies of both bipolar disorder and schizophrenia have reported correlations between childhood experience and common symptoms of these disorders [32] [33] [34] .
Methods

Ethical approval
The study was approved by The Lothian Research Ethics Committee. All participants gave written informed consent, and were able to withdraw from the study at any time. Participants who withdrew from the study remained eligible for all treatments (where required) and were not disadvantaged in any way. Anonymised study data can be made available upon application to the authors.
Participants and Questionnaires
Twenty patients meeting DSM-IV criteria for borderline personality disorder were recruited for the study from outpatient populations. Diagnosis of BPD was established using the SCID-II interview, and patients were screened for comorbidity using the SCID-I and by review of case notes. Exclusion criteria included a history of bipolar I disorder or schizophrenia, current alcohol or drug dependency, or any neurological illness. Participants were all aged between18 and 65. The BPD group consisted of 15 females and 5 males, mean age 34.3 years (SD 8.5) and a mean IQ of 115.9 (SD 7.4). Of these, 11 were being treated with antipsychotic medication, and 13 were being treated with antidepressant medication. Healthy controls were recruited from community volunteers, did not have a diagnosis of BPD (confirmed on interview). Exclusion criteria were the same as for the BPD participants. The control group consisted of 16 females and 5 males, mean age of 34.5 years (SD 11.6) and mean IQ of 114.2 (SD 7.3). All participants were asked to complete the National Adult Reading Test (NART) as an estimate of IQ. Participants were also asked to complete the Hamilton Rating Scale for Depression (HAM-D), Young Mania Rating Scale (YMRS) and Childhood Trauma Questionnaire (CTQ). The CTQ is a self-report measure of childhood experience, consisting of 18 statements, each relating to one of five subscales of neglect or abuse (eg "I didn't have enough to eat"). Participants rated each question based on the frequency it was experienced throughout childhood and adolescence from a choice of five responses -never true, rarely true, sometimes true, often true, very often true.
Social judgement
Participants completed a test of social judgement of faces, which consisted of six separate blocks with 32 trials each. In each trial, a different photograph of a face was presented. Participants had to judge whether the faces presented were 'high' or 'low' on a specified characteristic [30,] . In each block, a different characteristic had to be judged, these characteristics were age, distinctiveness, attractiveness, intelligence, approachability and trustworthiness.
Only a single characteristic was judged in each block. Faces appeared on a computer screen for 3 seconds each and participants were asked to choose from two options for the judged characteristic (eg "trustworthy" or "untrustworthy"). Judgements were reported verbally to the experimenter, and there was no limit on how long participants were given to make a choice, but the next picture was not shown until a judgement had been made. Answers were recorded by the experimenter but no feedback was provided. Participants were given 8 practice trials before each experimental block; practice trials were excluded from analysis.
The stimuli were colour photographs of Caucasian male and female adult faces selected from a previously collected database of 1000 photographs of faces of non-famous people. All the pictures were cropped around the face and hair, so that the minimum possible clothing and background were visible. The photographs were all adjusted to the same height (150 pixels; approximately 5 cm on the screen display), while the width varied slightly. No other attempt was made to standardise the pictures. Instead, the database included photographs that covered a wide range of adult ages, poses, and expressions, so that as many as possible of the naturally occurring cues would be present in the images. All the photographs had been previously rated on several characteristics with 1 to 7 point scales for all characteristics. A mean rating was then computed for each facial stimulus on each characteristic and the selection of the stimuli for the present experiments was based on those mean ratings. A set of 32 faces was selected for each characteristic. Each individual face appeared only in one set; i.e. completely different faces were selected for the sets of faces involving judgments of age, sex, attractiveness, etc. For age, distinctiveness, attractiveness, approachability, intelligence, and trustworthiness, there were 16 faces that had been rated high and 16 faces that had been rated low on the respective characteristics, half of which were male and half female [30] .
For analysis, the total number of correct and incorrect judgements for each of the six characteristics was recorded for each participant, as well as the direction of decision bias -for example trustworthy faces being judged as untrustworthy, or vice versa. Note that the sense in which a judgement is considered correct is therefore simply that it is in agreement with the set of ratings from which the faces were chosen (that is, a highly rated face judged as 'high' is considered a correct judgement, and a low rated face judged as 'low' is likewise considered a correct judgement). In this way, the measure used indicates how closely a participant's responses correspond to those of a normal perceiver.
Statistical Analysis
Statistical analysis was carried out using IBM SPSS, version 19.0 for Windows. T-tests were used to investigate mean differences between the BPD and control groups in age, IQ, YMRS, HAM-D and CTQ scores. Repeated measures ANOVAs were used to investigate performance in the social judgment tasks with judged characteristic as the within subject and group as the between subject factor. To explore group effects in more detail, we used t-tests. In order to correct for multiple comparisons only effects that survived False Discovery Rate correction [31] at p < 0.05 were considered significant.
Results
Demographic Characteristics
There was no significant difference in age (t 1,39 = -0.07, p = 0.94) or IQ (t 1,37 = 0.73, p = 0.47) between the control and BPD groups (Table 1 ). However two individuals from the BPD group and one from the control group chose not to complete the NART, and so were excluded from IQ analysis. The BPD group scored significantly higher than controls on the HAM-D (t 1,39 = 7.77, p < 0.001), the YMRS (t 1,39 = 4.83, p < 0.001) and the CTQ (t 1,39 = 9.39, p < 0.001) ( Table 1) .
Social judgement
Performance in the test of social cognition was analysed using repeated measures ANOVAs, with group (two levels) as the between subjects factor and judged characteristic (six levels: age; distinctiveness; attractiveness; intelligence; approachability; trustworthiness) as a within subjects factor. There was a significant main effect for group (F 1,39 = 12.2, p = 0.01) and judged characteristic (F 5,195 = 23.3, p < 0.01) but no significant interaction between the two (F 5,195 = 1.9, p = 0.1) (Figure 1) . Post-hoc t-tests were used to explore which judged characteristics showed significant differences between groups. These revealed that the between-group differences were greatest for the tests of approachability (t 1,39 = -3.1, p < 0.01), trustworthiness (t 1,39 = -2.5, p < 0.05) and intelligence (t 1,39 = -2.1, p < 0.05), but were not significant for the other social dimensions (age (t 1,39 = -1.8, p = 0.09); attractiveness (t 1,39 = -0.81, p = 0.42); distinctiveness (t 1,39 = -1.67, p = 0.10)) ( Figure  1 ). Only the results for the approachability and trustworthiness tests remained significant at p < 0.05 after FDR correction for the multiple comparisons made.
Judgement bias analysis
In order to assess whether there was any bias in the direction of social judgements of approachability and trustworthiness made by the BPD group, deviations from the expected answer given by participants when judging approachability and trustworthiness were counted and the direction of change recorded (for example, judging approachable as unapproachable or judging unapproachable as approachable). Repeated measures analysis of variance revealed a group x error direction interaction for judgements of approachability (F 1,39 = 6.3, p < 0.05) and trustworthiness (F 1,39 = 14.1, p < 0.01). Post hoc t-tests revealed that these effects derived from the BPD group judging more faces as unapproachable (t 1,39 = 3.5, p < 0.01) and untrustworthy (t 1,39 = 4.2, p < 0.01) than the control group (Figure 2 ).
Correlation analysis
Correlation analysis revealed no significant correlation between the HAM-D, CTQ, or YMRS and the number of errors on each social judgement task made by participants in either the control or BPD group. However, a significant correlation was noted in the BPD group between Childhood Trauma Questionnaire scores and bias towards judging faces as unapproachable (r = .49, p < 0.05). Examination of the subscales of the CTQ revealed that this correlation was strongest for the sexual abuse subscale of the CTQ (r = .53, p < 0.05). No other correlation was found between social judgement bias and clinical measures.
Discussion
Participants with a diagnosis of BPD performed less well than controls in a test of social judgement from faces. Those in the BPD group scored lower overall than healthy participants and, in particular, this group had difficulty judging trustworthiness and approachability. Notably, the BPD group judged more faces as unapproachable and untrustworthy than the control group. Furthermore, bias towards judging approachable faces as unapproachable in those with BPD correlated with childhood trauma scores as measured by the CTQ.
Both approachability and trustworthiness judgements are related to threat detection, as incorrectly judging a person as approachable or trustworthy could have potentially hazardous consequences. Although efficient social functioning requires a network of brain areas for information processing, it is the amygdala that is principally involved in fear and threat detection, and this area has been shown consistently to be necessary for normal social cognition in animal and human studies [35] . There is evidence from neuropsychological studies [12] that the amygdala plays a role in social judgements and functional brain imaging studies have also reported amygdala involvement in the judgement of trustworthiness [13,] and approachability [31] . Martens and colleagues [37] also noted a relationship between amygdala volume and approachability in patients with Williams syndrome, with increased amygdala volume correlating with higher approachability ratings of faces. Patients with BPD have been shown to have decreased amygdala volume in structural MRI studies, and heightened amygdala responses to facial stimuli in functional MRI studies [26,28,,39,] . Furthermore, previous studies of facial emotion recognition in BPD have suggested that individuals with BPD may show an increased tendency to rate neutral faces as negative or threatening [17, 19] . The present findings are therefore consistent with suggestions of heightened amygdala-mediated threat responses to facial and social stimuli in BPD.
Todorov and colleagues [41,] , have developed an important perspective on how social characteristics are evaluated in faces that suggests they are based on orthogonal dimensions involving the appraisal of valence (positive or negative intentions) and dominance (ability to enact intentions). In this approach, the appraisal of trustworthiness and approachability are closely linked to the valence factor, raising the interesting possibility for future research that it may be this factor that is particularly affected in BPD.
Our findings also indicate that skewed perception of approachability in those with a diagnosis of BPD is specifically related to childhood adversity, suggesting that trauma in childhood has a sustained and lasting impact on social cognition in BPD. Although the neurobiological substrates of this effect are not known, childhood adversity has recently been related to enhanced amygdala reactivity in a healthy population sample [39] and in major depressive disorder [42] , suggesting that childhood trauma may alter social judgement in BPD by modulating amygdala activation [43] .
The current results are also consistent with a broader dysfunction in brain networks sub-serving social cognition and mentalising in BPD. Previous studies in healthy individuals have demonstrated the importance of a number of brain regions in social judgement including the medial prefrontal cortex, inferior prefrontal cortex, cingulate cortex and superior temporal cortex [13,16,,] . Structural imaging studies of patients with BPD have also shown altered structure of distributed brain regions implicated in social cognition including reductions in volumes of regions of the frontal and medial temporal lobes [24] . Furthermore, dysfunctional connectivity between the amygdala and PFC has been reported in studies of BPD [45,] . Taken together with these previous findings, our present results suggest negative bias in approachability and trustworthiness judgements may derive from a wider disruption of fronto-limbic circuits in BPD, with a failure of frontal regions to regulate affective responses in individuals with the disorder.
The current findings suggest that individuals with BPD display differences in social cognition which are distinct from those seen in other neuropsychiatric disorders. The pattern of results we observed in the tests of social judgement in individuals with BPD differed from those seen on the same tests in patients with schizophrenia [29] , patients with autism [46] , and patients with depression (Hall et al, unpublished data) . These results suggest a degree of specificity to the breakdown of social inferences in individuals with BPD, which may be particularly related to increased sensitivity to threat.
In a previous study of social cognition in BPD Fertuck and colleagues found an increased ability of their BPD group to correctly identify the mental state of others using the 'Reading the Mind in the Eyes' test [23] . Whilst these results may appear contradictory to the present findings, this is not necessarily the case. Heightened responsiveness of those with BPD to certain types of social cues, such as perceived threat in social situations, could contribute to both findings. Thus in our task (with dichotomous choices on a single characteristic) a heightened sensitivity to certain types of cues would be evident as biased performance (and hence a lower score on a given characteristic). However in the 'Reading the Mind in the Eyes' test, where the participant is given the choice of four potential social labels which are not related, heightened sensitivity to one particular dimension could appear as improved overall performance. However in the future, a study administering both tests to the same group would be helpful to further reconcile these results and to understand the possible causes of any apparent discrepancy in their findings.
The heightened responsiveness of patients to potentially threatening situations, illustrated by increased judgements of trustworthy faces as untrustworthy and approachable faces as unapproachable, highlights the social difficulties experienced by those with a diagnosis of BPD, and has clinical implications for the management of patients. Individuals with BPD appear more likely to view neutral situations as threatening, and may require additional reassurance and assistance in understanding social cues. In addition, it appears that childhood trauma is an important risk factor in the development of BPD, and earlier intervention or symptom treatment may be prudent to prevent the disorder, or to minimise the difficulties experienced. It has been suggested that disruption in mentalisation may underpin many of the core features of BPD, including social difficulties [9] , and our results are consistent with this idea, supporting the potential value of mentalisation based therapies as a treatment for individuals with a diagnosis of BPD [47] .
